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Abstract 


Alaska,  -and  Fort  Churchill-,  Manitoba,  Canada,  are  used 
V  the  Arn^d- Forces  of  the  United  Statee-a» -cold-weather  field  laborato¬ 
ries  -vibes*  physiological  performance  studies  are  conducted  and  effective¬ 
ness  of  clothing  and  equipment  for  cold  climate  operations  is  evaluated. 
Ihls-etudy  undertakes  ta  Indicate  the  or*  eat- to  which  -the-el laakie  en*i - 
sonmewt  at-each-of"the  test  sites  ie  resen  tat  lve-of- erotic  -aad-eab- 

arctlc  areas  elsewhere' ltr  Horth~Aner  xr 

Twelve  climatic  elements  are  mapped  and  analogous  areas  are  indi¬ 
cated.  Ranges  of  analogy  vary  with  the  element  being  measured,  but  for 
most  elements  the  southern  limit  of  close  analogy  for  both  test  sites 
lies  north  of  the  V5*  parallel  (roughly  the  northern  tier  of  states  in 
the  United  States).  Areas  of  analogy  are  designated  on  the  maps  by  yel¬ 
low  areas  for  Fbrt  Oreely  and  blue  areas  for  Fort  Churchill.  Except  for 
absolute  minimum  temperature,  Fbrt  Churchill  has  the  colder  environment' 
of  the  tvs  sites;  hence  the  more  northerly  zone  of  cold  analogy  shovn  is 
usually  that  of  Fort  Churchill.  Areas  o*  analogy  for  both  test  sites 
tend  to  extend  farthest  southward  over  midcontinent  regions. v 

Composite  areas  of  analogy  for  siultlple  elements  are  alsd  mapped. 
Areas  analogous  to  Fort  Churchill  for  combined  coldest  month  tempera¬ 
tures,  snow  depth,  and  wlndchlll  are  found  primarily  in  the  Hudson  Bay 
Lowland.  For  Fort  Greely,  analogous  areas  for  the  above  combination  of 
elements  are  confined  to  the  immediate  vicinity  of  Fort  Oreely,  northwest¬ 
ern  Alaihd,  souther.:  Manitoba,  and  small  areas  on  the  coast  of  Greenland. 

Areas  of  composite  analogy  with  Fort  Greely  for  winter  and  summer 
temperature  and  mean  annual  precipitation  occur  in  the  Tanana  Valley  of 
Alaska,  southern  Yukon  Territory,  and  in  small  scattered  areas  of  vest- 
em  Alaska.  Fbrt  Churchill  analogy  for  the  same  ■;  .actuation  of  elements 
occurs  in  a  500-mile-wlde  salient  stretching  westward  from  Hudson  Bay  and 
a  smaller  patch  in  Interior  northern  Quebec. 


CLIMATIC  ARAL003  OF  FOR?  GREZLT,  ALASKA,  ARB  FORT  CHURCHILL,  CARADA, 
IR  FORTH  AMERICA 


1.  Introduction 

This  study  vu  prepared  In  answer  to  a  requeat  fra*  the  Office,  Chief 
of  Engineers,  for  a  cllnatlc  eosqparlsoa  of  the  arctic  and  subarctic  regions 
of  the  world  with  Fort  Oreely,  Alaska,  arl  Fort  Churchill,  Manitoba,  Canids. 
It  Is  the  second  of  two  reports,  each  tieetlng  one-half  of  the  Rorthero 
Real sphere  north  of  R. . latitude)  the  first  cowered  Eurasia.  The  land 
areas  covered  In  this,  the  western  portion,  Include  Rorth  Aeerlca,  and 
certain  western  Islands  of  Europe  (Iceland,  Jon  Mayan  Island,  the  Faeroe 
Islands,  and  the  British  Isles). 

Only  those  climatic  elements  which  seen  to  best  define  stress  factors 
In  cold  envlroiSMnts  were  selected  for  the  study.  For  each  selected  ele¬ 
ment  a  asp  (or  asps)  has  bean  prepared  showing  areas  having  conditions 
considered  asologous  to  those  at  Fort  Oreely  and  Fort  ChurcU.il.  Inforn.* 
tlon  fro*  som  of  these  saps  has  bean  consolidated  on  coaqposite  asps  to  bow 
areas  of  coincidence  of  analogous  eleaeats. 

The  cllaatle  conditions  at  Fort  Oreely  sod  Fort  Churchill  nave  b-;n 
uasa&rlzed  and  evaluated  by  the  Envlronasntal  Protection  Research  Division 
.n  the  following  publications: 

Handbook  of  Fort  Churchill  Envlronaent,  Technical  Report  EP-h  (25) 
Handbook  of  Big  Belts*,  Alaska,  Envlronaent,  Technical  Report 

13**5  (23) 

Data  froa  these  and  othsr  studies  listed  In  the  bibliography  fumisned  tbe 
bases  for  ccapariaon  in  this  report. 

2.  Major  physical  features  (Pig.  2) 

Physio graphically,  the  arctic  sad  subarctic  Rorth  Aasrlcan  aalnlond 
have  a  certain  basic  uniformity.  The  terrain  of  tha  interior  Is  relatively 
low  and  gentle  and  bordering  uplands  lie  on  or  near  the  east  and  west  counts. 

The  Hudson  Bay  Lowland  and  Its  northvord  extension  Into  tbe  Arctic 
Archipelago  fora  a  broad  depression  with  Hudson  Bay  In  tbe  center.  TV  j  in 
a  country  of  boggy  tundra  which  lies,  for  the  most  part,  close  to  sea  level. 


•  Rensaed  Fort  Oreely  In  August,  1955 


Fort  Churchill  1*  located  within  this  area  on  the  veet  there  of  Hudson 
Bay  at  the  mouth  of  the  Churchill  River;  the  meteorological  atatlon  la  on 
a  low  aoralne  with  the  Bay  to  the  north  and  relatively  level  muakeg  to  the 
south. 

Except  In  the  extreme  insular  north,  this  lowland  It  bordered  by  the 
Canadian  Shield  f Laurent lan  Upland).  Here  the  terra  "upland"  can  be  toae- 
vhat  Bitleading.  Although  isolated  elevations  within  this  region  exceed 
3,000  feet,  the  transition  from  lowland  to  shield  topography  Is  gradual  In 
nany  areas  and  Much  of  the  upland  averages  no  nore  than  300  feet  above  sea 
level.  Basically  the  shield  Is  distinctive  because  of  Its  old  crystalline 
bedrock  rathe-*  than  Its  elevation. 

In  the  District  of  Keevatin  the  Shield  extends  north  of  the  forested 
subarctic  as  a  nose-covered  barren.  South  and  southeastward  It  becomes  a 
subdued  upland  covered  by  taiga  forest.  The  taiga  is  a  diverts  wilderness 
of  dense  apmee  forests.  Muskeg,  lakes,  barren  knobs,  glacial  debrla,  and 
patternless  water  courses.  Tree  line  is  a  relatively  sharp  break  In  Many 
lnatances;  where  the  forest  ends,  tundra  begins,  with  scattered  outlying 
trees  In  protected  spots. 

A  nearly  continuous  fringe  of  lowlands  surrounds  the  Shield  countiy 
from  the  lower  Kackenzle  Valley  (Mackenzie  lowland)  In  the  northwest  down 
through  the  northern  Unit'd  States  (Central  lowlands  and  Orest  Lakes 
Lowland)  and  on  around  to  Hudson  Strait  In  northern  Quebec^  This  lowland 
la  prominently  marked  by  a  succession  of  some  of  the  largest  lakes  on  the 
continent:  Orest  Bear,  Great  Slave,  Athabaska,  Winnipeg,  Lake  of  the  Woods, 
and  the  Great  Lakes. 

Southwestward  the  lowland  alcpea  gently  upward  to  reach  over  1,000 
feet  in  the  Orest  Plains.  The  rise  into  the  Franklin  and  Mackenzie 
Mountains  In  the  northwest  and  Into  the  Appalachian  Plateau  aV.  related 
uplands  of  the  southeast  la  far  more  abrupt. 

The  major  highlands  of  the  continent  rise  beyond  the  belt  of  circum¬ 
ferential  lowlands  and  transitional  plains.  In  the  west,  the  great  ranges 
of  the  Rocky  Mountains  stretch  from  the  Mackenzie  Mountains  near  the 
Beaufort  Sea  to  well  south  of  the  area  In  the  United  States  shown  on  the 
maps  In  this  report.  In  the  east,  lower  and  more  discontinuous  mountains 
rim  the  Atlantic  Coast  of  the  continent  from  the  Appalachian  Mountains  to 
northern  Ellesmere  Island.  Highest  summits  of  the  eastern  range*  average 
little  more  than  3,000  feet;  those  of  the  Rockies  are  veil  over  twice  aa 
high.  West  of  the  Rockies  lies  a  fairly  continue’.'*  band  of  lnteraontane 
plateaus  extending  from  the  Columbia  Plateau  In  the  United  State*  to  the 
Tanana  Hills  of  Alaska. 
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Along  the  vesture  margin  of  the  continent,  coastal  ranges  for*  * 
h.gh,  nearly  continuous  will  froa  the  Aleutian  Cfa»lo  to  Mexico.  Alaskan 
coastal  mountains  are  ho  .airily  aaatlcd  with  icecaps  and  valley  glaciers, 
with  tongues  of  the  glaelern  eften  te ruinating  in  the  coastal  waters. 

Dm  Molespln*  and  Bering  Cinders  fan  tut  on  the  coastal  plain  of  southern 
Alaska  to  fore  two  of  the  largest  piedmont  glaciers  in  the  vorld.  Gla¬ 
ciers  and  permanent  snow  fields  are  common  at  higher  elevations  as  far 
south  as  southern  British  Columbia.  Bren  the  Cascades  in  Oregon  support 
a  few  glaciers. 

Icefields  axe  rare  in  the  Rocky  Mountains  north  of  the  Tukon-Brltlsh 
Columbia  boundary  because  the  coastal  ranges  affectively  impede  the  passage 
of  moisture-bearing  winds  fron  the  west.  In  southern  Alberta  and  British 
Columbia,  significant  icefields  do  occur  mainly  as  s  result  of  considerably 
higher  elevations  and  a  rather  broad  aystem  of  transverse  valleys  through 
the  coe.ital  ranges  which  flva  access  to  the  westerly  winds. 

Southern  Alaska  is  dominated  by  the  extensively  glaciated  Alaska  Range 
and  its  eastern  extension,  tha  V range 11  Mountains.  Borta  of  these  ranges 
the  valley  of  the  Yukon  Rlvur  and  lta  trihatary,  the  Tan  ana  River,  drain 
westward  from  Yukon  Territory.  Tort  Qreely  Is  situated  in  the  Tanans 
Talley  at  the  point  where  the  Delta  River  joins  the  valley,  about  halfway 
between  the  Canadian  border  end  the  confluence  of  the  Tammu  sad  the  Yukon 
rlvera.  The  elevation  at  fort  Greely  is  1,27V  feet.  Within  kc  miles  to 
tbs  south,  glaciated  sunalts  around  Mount  Boyer  rise  to  over  1.1,000  feet. 

la  tha  central  region  of  Alaska,  forested  plains  prnotrste  far  inland 
along  major  streams.  Thrse  rive-  plains  are  separated  by  clusters  of  dis¬ 
sected  uplands  such  as  the  Cllbuck  Mountains,  the  Kuskokwlm  Range,  and  the 
mountains  in  the  area  bordering  Baring  Strait. 

Worth  of  the  central  valleys  rise  tbs  barren  sumlts  of  the  Brooks 
Bangs.  Poleward  from  there,  tha  northern  coastal  lowland,  or  Arctic  Shelf, 
reaches  serosa  all  of  northern  Alaska  and  southeastward  along  the  Bering 
Strait. 

Of  Greenland's  total  area  of  SVO.OOO  square  miles,  over  705,000  are 
blanketed  with  s  great  ice  sheet  rising  from  vallsy  glaciers  on  or  near  tha 
coasts  to  an  interior  plateau  level  of  about  10,000  feet.  Although  moun¬ 
tain  peeks  are  proud. nent  (some  over  11,000  feet)  ulong  the  east  coast,  tha 
overall  aspect  of  the  island  is  one  of  s  uniformly  domed  \eecap  bordered 
by  s  relatively  narrow  fringe  of  fiordad  coast. 

Iceland  is  a  volcanic  island  which  averages  about  2. 500  feet  above 
eea  level  with  ice-capped  highlands  nearly  7,000  fest  high  in  the  southeast. 
Tery  narrow  lowlands  are  confined  mainly  to  the  southwest  and  north  coasts. 
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Ireland  1*  largely  def crusted  lo viand .  Snail  upland  areas  occur 
principally  along  the  northwest  and  southeast  coasts*  On  the  Island  of 
Great  Britain,  rolling,  low  topography  characterises  most  of  England,  hut 
the  Pennine  Chain,  with  elevations  of  about  1,500  feet,  form  a  prominent 
north-south  spine  In  the  northern  Interior.  The  Cambrian  Mountains  of 
Wales  average  about  2,000  feet,  topped  by  Mast  Snovdon,  3,5^0  feet.  The' 
Highlands  of  Scotland  have  many  elevations  above  3,000  feet.  Bon  Nevis, 
the  highest  peak,  Is  over  4,400  feet  and  has  a  permanent  enovfield  In 
the  Great  Corrie  of  Allt-a-Mhullin. 

The  eastern  tip  cf  Siberia  and  the  northvest  coast  of  Prance,  -which 
both  appear  In  the  map  area,  are  discussed  In  the  Eurasian  counterpart  of 
this  study* (28) 

3.  Climate 

Arctic  Norte  America  la  an  area  of  extremely  cold  winters,  cool  or 
cold  summers,  and  scanty  precipitation,  most  of  which  falls  as  snow,  usu¬ 
ally  heaviest  In  autumn.  3,tse  conditions  are  most  extreme  in  interior 
Greenland  where  mean  annual  temperatures  average  about  -20'?  and  sumer 
temperatures  seldom.  If  ever,  rise  above  freezing.  Included  In  the  Arctic 
climatic  region  as  used  here,  are  the  eastern  Arctic  Shelf  of  Alaska,  most 
of  the  Arctic  Archipelago  and  Keewatln  Barrens,  and  practically  all  of 
Greenland.  8outhem  Greenland  coasts  have  cool  to  cold  winters  and  cool 
susroers  with  moderate  precipitation  ou  the  eouthvest  coaat  and  heavy  pre¬ 
cipitation  in  the  southeaat.  host  of  the  precipitation  in  the  aouth  falls 
as  snow,  with  a  winter  maximum.  Most  coastal  locations  on  the  southeast 
side  of  Baffin  Island  have  conditions  similar  to  those  of  the  southwest 
Greenland  littoral.  The  arctic  region  extends  southward  In  a  broad  salient 
across  the  Keewatln  and  eastern  Mackenzie  District  barrens. 

In  the  Great  Bear  Lake  area  of  Mackenzie  District  and  along  the  north¬ 
west  coast  of  Alaska,  winters  are  somewhat  leos  severe  and  ausmers  slightly 
warmer,  but  precipitation  remains  scanty.  Throughout  the  Brooks  Range  of 
Alaska  and  in  some  valleys  of  southern  Tukon  Territoiy  in  the  Whitehorse- 
Teslln  area,  precipitation  averages  !•«•  than  io  Inrhea  per  year,  winters 
are  very  cold,  and  sumters  are  generally  varm. 

A  large  central  continent  area,  Including  the  shores  of  Hudson  Bay  and 
the  Ungava  section  of  northern  Quebec,  has  very  cold  winters,  cool  summers, 
and  light  precipitation.  Precipitation  Is  concentrated  In  late  summer  or 
early  autumn.  The  area  receives  10  to  2D  Inches  of  precipitation  annually, 
30  to  JO  percent  of  which  falls  aa  snow,  The  site  at  ?0rt  Churchill  lies 
within  this  area  and  may  be  regarded  as  typical. 

In  most  of  the  southern  Interior  of  Canada  east  of  the  Rocky  Mountains 
and  northwestward  through  southern  Mackenzie  District,  central  Yukon, 
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f  interior  Alaskan  valleys,  and  the  Oulkana  Basin,  there  is  a  tone  of  very 
i  cold  vinters,  varm  summers,  and  light  to  moderate  precipitation.  This  la 
•  the  region  in  which  Fort  Greely  la  located.  Annual  precipitation,  uaually 
j  vlth  a  midsummer  maximum,  la  lightest  in  Alaska  and  northwestern  Canada 
and  gradually  increases  southeastward  to  over  30  inches  in  central  Quebec. 
Some  pieces  in  the  Yukon  and  the  southern  Prairie  Provinces  receive  less 
than  40  inches  of  snow  annually,  but  this  too  Increases  eastward,  until  it 
is  over  200  Inches  per  year  in  parts  of  Quebec  and  Newfoundland. 

On  either  side  of  the  Rocky  Mountains  in  British  Columbia  and  Alberta 
are  foothill  areas  wnlch  are  semewhat  warmer  in  winter  than  the  vide  croBS- 
contlnent  zone  immediately  to  the  north  and  east.  Summers  in  this  area  are 
warm  and  precipitation  Is  light  tc  moderate,  depending  upon  local  exposure. 

Hie  western  mountains  themselves  have  more  precipitation,  very  cold 
winters,  and  vara  summer  days  with  coc!  nights.  Snowfall  increases  rapidly 
with  elevation  and  some  stations  at  high  elevations  in  the  Rocky  Mountains 
receive  nearly  400  inches  annually. 

Montana  and  the  Dakotas  have  cold  winters  and  hot  summers,  vlth  light 
precipitation  reaching  ita  maximum  in  early  summer.  Eastward  through  the 
Oreat  lakes  to  the  St.  Lawrence  Valley,  New  England,  and  the  Maritime 
Provinces,  winters  arc  cool  or  cold,  aumaers  are  warm,  and  the  precipita¬ 
tion  la  varied  both  in  time  of  maximum  and  intensity.  In  the  Great  lakes 
vicinity, precipitation  is  moderate  and  falls  most  heavliy  in  spring  and 
autumn.  Nearly  all  of  aouthen  Quebec  and  all  except  the  very  southernmost 
coasts  of  the  Maritime*  receive  between  30  and  50  inches  of  precipitation 
with  a  maximum  In  late  summer,  including  at  least  100  Inches  of  snow  in 
most  areas. 

the  coasts  of  Hew  England  and  the  southeastern  Maritimco  have  cool 
winters,  varm  summers,  frequent  fegs,  and  40  to  60  inches  of  precipitation, 
with  a  tendency  toward  a  winter  or  late  autumn  maximum. 

The  Pacific  Coast  littoral  rf  British  Columbia,  Washington,  and  Oregon 
naa  mild,  dai^>  winters,  warm,  numld  summers,  and  very  heavy  precipitation 
falling  mostly  as  rain  with  a  maximum  in  winter.  Certain  places  on  the 
British  Columbian  coast  receive  over  POO  inches  of  precipitation. 

Western  Alaskan  coasts  have  moderate  precipitation,  heaviest  la  autumn, 
40  to  60  Inches  of  snowfall,  cold  to  very  cold  winters  and  cool  summers. 

The  Aleutian  Island*  have  cool  winters  and  summers,  frequent  fogs  and  high 
wind,  and  heavy  precipitation.  East  of  Kodiak,  the  Alaskan  coast  has  heavy 
precipitation  and  cool  winters,  but  summer*  arc  wars  or  here.  Very  heavy 
snowfall  occurs  in  the  Alaskan  Panhandle,  with  some  locations  receiving 
over  400  Inches  per  year.  This  is  alse  generally  true  of  the  British 
Columbian  coastal  ranges  and  the  Cascade  Mountains  of  Washington  and  Oregon. 
East  of  the  Cascades,  the  interior  valleys  l.uve  cool  winters,  hot,  dry 
vr— «-a,  and  scanty  precipitation. 
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Mott  of  Iceland  has  Moderate  precipitation,  usually  In  the  form 
of  rain  or  sleet,  falling  Mostly  In  winter.  Only  the  southern  littoral 
tone  receives  heavy  precipitation.  Cool  winters  and  cool  sumaera  pre¬ 
vail  over  all  hut  the  highest,  glaciated  parts  of  the  Island. 

Moderate  to  heavy  precipitation  falls  In  the  British  Isles,  aostly 
as  tain,  reaching  Its  greatest  Intensity  In  late  autum  and  winter  but 
with  no  dry  season  at  any  time  of  year.  Like  the  coast  of  British 
Columbia,  the  British  Isles  have  all!  winters  and  warn  suaaers. 

k.  Analysis  of  cllaatlc  elements 

The  saps  Included  In  this  study  cover  certain  basic  cllaatlc  ele¬ 
ments  considered  essential  to  an  understanding  of  the  envlronaent  of  the 
area:  eleaents  which  rer,*u-  -tress  on  aen  and  aaterlel  In  the  Arctic 
and  Subarctic. 

Close  analogy  of  any  cllaatlc  eleaent  to  that  of  the  test  sites 
Is  shown  on  the  Mips  by  means  of  station  symbols  and  colored  overprints, 
blue  for  Ibrt  Churchill  and  yellow  for  fort  Oreely.  Overlap  of  these 
colors  In  areas  analogous  to  both  sites  produces  a  green  tone  on  the  maps. 
Degree  of  analogy  for  each  observation  station  is  Indicated  by  station 
symbols,  which  are  defined  on  the  map  legends,  numerical  values  of  each 
element  are  given  beside  the  appropriate  station  symbol. 

Figure  1  shows  the  veather  stations  from  which  data  were  used  In  the 
various  map  analyses.  Figure  2  Is  a  reference  map  of  major  physiographic 
regions,  with  mountains  and  icecaps  differentiated  In  color. 

On  the  Individual  cllaatlc  maps,  only  those  stations  actually  used 
In  a  particular  analysis  are  shown.  They  vary  In  density  of  distribution 
from  nap  to  map,  depending  upon  the  availability  of  data. 

Th»  rel«t!ve  reliability  cf  the  politico  of  issplsths  is  Indicated 
as  follows:  solid  lines  indicate  fair  to  good  reliability  and  dashed 
lines,  poor  reliability.  Lines  Indicating  poor  reliability  appear  In 
mountainous  areas,  the  uninhabited  Arctic,  and  other  reaete  places  for 
which  adequate  meteorological  data  are  not  available.  The  complex  in¬ 
fluence  of  elevation  la  evidenced  only  In  a  general  way  where  such  ef¬ 
fect  la  actually  reflected  by  station  data.  Bo  atteupt  was  made  to  dif¬ 
ferentiate  reliability  of  lines  on  the  composite  maps,  Figures  14,  15, 
and  16. 
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Additional  contents  concerning  determination  of  analogous  ranges  and 
details  of  evaluation  are  given  in  the  following  discussion  of  separate 
climatic  elements.  The  associated  map  figure  1*  indicated  beside  element 
subtitle. 

a.  Mean  Temperature,  Coldest  Month  (Fig.  3) 

Port  Churchill  -19’F  (January) 

Port  Jreely  -5’F  (January) 

Standard  deviation  vas  considered  in  determining  the  analogous  ranges 
of  mean  monthly  temperature.  A  range  of  mean  temperatures,  within  vhlch 
the  average  temperature  of  a  single  January  could  be  expected  to  occur  in 
50  percent  of  the  years,  was  regarded  as  a  reasonable  basis  for  delimiting 
close  analogy. 

Port  Churchill  has  a  standard  deviation  of  7  P*  from  the  mean  temper¬ 
ature  of  its  coldest  month.  The  50  percent  expectancy  level  falls  within 
il*>9  F*  of  the  long-term  monthly  mean.  Port  Greely,  with  a  standard  devia¬ 
tion  of  approximately  9  P*,  establishes  50  percent  expectancy  within 
16.3  p*  of  the  long-term  mean.  The  average  range  then,  between  the  two 
sites,  is  15.6  F*.  Previous  analog  studies  have  used  a  range  of  i  5F0  for 
temperature.  In  this  case  precedent  agreed  so  closely  with  standard  devi¬ 
ation  determinations  that  the  more  convenient  5  F*  Increment  was  adopted. 
Thus,  a  range  of  15  F*  fr-a  mean  vaa  considered  "closely  analogous".  The 
next  5  F*  above  and  below  this  range  were  regarded  as  "senlanalogous". 

This  range  was  used  for  all  temperature  maps. 

For  atations  with  means  at  either  limit  of  analogy,  but  with  standard 
deviations  differing  from  those  of  the  test  sites,  the  probability  of  their 
means  for  a  given  year  being  within  the  10-degree  range  would  decrease  at 
stations  with  higher  standard  deviations  and  increase  at  stations  with  low¬ 
er  standard  deviations. 

Areaa  analogous  to  the  two  test  sites  appear  separate  on  the  map  be¬ 
cause  the  difference  between  the  mean  temperatures  at  the  sites  exceeds 
10  P  degrees.  The  areas  form  broad,  undulating  belts  dipping  far  south 
over  midcontinent,  and  almost  encircling  Greenland.  Ptort  Qrec’y  analogy 
reaches  as  far  as  northernmost  United  States  in  the  Montana  Rockies, 
northern  Forth  Dakota,  and  Minnesota.  The  cold  nucleus  of  north-central 
Canada  and  the  arctic  islands  is  much  colder  than  either  test  site. 

The  coldest  month  is  January  in  most  areas  throughout  interior  Alaska, 
Canada,  and  the  United  States.  December  is  coldest  In  a  narrow  area  along 
the  northwest  flanks  of  the  Alaska  Range.  February  is  generally  the  cold¬ 
est  month  in  Greenland  and  the  Arctic  Archipelago,  except  on  Melville  Sound, 
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between  Baffin  Bey  and  the  Beaufort  Sea.  Za  m ny  Maritime  location*  sea- 
aona  are  delayed,  February  being  the  coldeat  month,  August  the  warmeat. 

The  Canadian  Maritime  Province*,  the  Great  Lake*  region,  and  moat  of  the 
coa«t  of  labrador  ore  al*o  coldeat  in  February.  In  certain  loeatlona  in 
the  Bering  Strait,  the  north  (lde  of  the  Aleutian  Penlnaula,  and  the 
•outheaat  coa*t  of  Iceland  the  coldeat  period  occur*  a*  late  as  March. 

The  coldeat  month  1*  al»o  February  in  part*  of  the  coastal  area  of  the 
British  Isle*  and  veatern  (forth  America. 

b.  Mean  Dally  Minlmun  Temperature,  Coldeat  Month  (Fig,  k) 

Fort  Churchill  -27*F  (January) 

Fort  Oreely  -13*F  (January) 

With  minor  variations,  the  mean  dally  minima  temperature  map  for  the 
coldest  month  show*  ess'-ntially  the  same  distribution  of  analogous  area*  as 
the  mean  monthly  temperature  map.  One  of  these  exception*  1*  the  small 
coastal  area  in  northern  Greenland,  which  la  analogous  to  Fort  Churchill  in 
respect  to  mean  temperature,  but  ha*  mean  dally  mini”-'*  temperature*  too 
cold  for  analogy. 

c.  Ab«olute  Minlmun  Temperature  (Fig.  5) 

Fort  Churchill  -57*F  (January) 

Fbrt  Oreely  -65*F  (January) 

The  area  of  close  analogy  with  Fort  Churchill  extends  from  the 
Beaufort  Sea  to  Wyoming  through  30  degrees  of  latitude.  Fort  Oreely  anal* 
ogy  occur*  in  interior  locations  encircling  the  coldeat  spots  of  (forth 
America.  These  cold  spot*,  with  temperatures  too  low  for  close  analogy  to 
Fort  Oreely,  are  found  in  central  Alaska  and  the  Yukon  to  the  Mackenzie 
Valley,  the  Peace  River  Valley  of  British  Columbia  and  Alberta,  interior 
Greenland  and  Ellesmere  Island,  and  in  localized  spots  around  Copper 
Center,  Alaska;  Prince  Albert,  Saskatchewan;  Rogers  Pass,  Montana;  and 
Iroquois  Falls,  Ontario.  The  lowest  temperature  on  record  for  (forth 
America,  exclusive  of  Greenland,  is  -8’  *F  at  S' tag,  Yukon.  T hi  Greenland 
Icecap  stations,  (forth  ice  1  2tit!"n,  have  each  recorded  -87*F 

during  different  2-year  periods. 

d.  Mean  Vlndchlll,  Coldest  Month  (rn-  6) 

Fort  Churchill  1620  Kg  Cals/m^/hr  (January) 

Fort  Oreely  1630  "  "  "  "  (January) 

wi-dchlll  is,  lr.  a  sense,  a  measure  of  human  discomfort,  since  it  is 
the  cooling  effect  of  moving  air  on  the  human  body.  It  is  based  upon  an 
empirical  formula  determined  by  Siple  and  Passel  (Antartlca  in  19*t0)  (33) 


8 


from  xperlmcnts  vitl>  tbr  frcc.lng  rat*  of  water  in  *  plastic  cylinder. 

Ae  formula  i»  used  to  comnute  hilogna  ealorien  of  best  loss  per-square 
meter  of  exposed  skin  surface  per  hour  for  eecu  Centigrade  degree  of  temper- 
aturc  difference  between  the  skin  and  the  sir.  It  Is  written:  B  ■ 

NTooT  +  10 >5  -  V)  (33-?),  where  B  »  Viidehlll  in  Kg  Cale/m2/hr, 

T  -  wind  reloeity  in  meters  per  second,  and  ?  *  aableot  temperature  in  de¬ 
grees  Centigrade. 

This  formula  is  best  applied  to  simultaneous  wind  and  temperature 
measurements  from  hourly  records, but  such  records  hare  not  been  available 
in  sufficient  numbers  to  map.  >'or  tills  reason  monthly  mean  values  of  tem¬ 
perature  and  windspeed  were  used  in  this  study.  Calculations  by  Arnold 
Court  (20)  indicate  that  the  use  of  euch  mean  values  glues  results  reason¬ 
ably  comparable  with  those  using  hourly  values.  Because  of  the  scarcity  of 
good  auamarlted  wind  data  for  northern  Canada,  however,  most  of  the  lao- 
pleths  on  figure  6  are  classed  as  having  poor  reliability. 

The  mean  windspeed  of  the  coldest  month  at  fort  Oreely  la  1?  miles 
per  hour.  A  range  from  15  to  19  miles  per  hour  was  considered  closely 
analogouc.  for  fort  Churchill ,  with  a  mtan  windspeed  of  15  miles  per  hour, 
for  the  coldest  month,  a  range  from  13  to  17  miles  per  hour  was  used, 
tbess  ruges  were  plotted  on  a  vlndchill  nomogram  (inset  on  fig.  6)  together 
with  the  corresponding  mean  tempo: sture  ranges  (fig.  3)  to  derive  the  range 
of  vlndchill  analogy.  Close  analogy  for  vlndchill  then  fells  within  a  range 
of  plus  or  minus  1JC  Kilogram  Caloriee  frcci  the  mean  vlndchill  at  the  test 
sites. 


It  will  he  noted  that  tbs  vlrdchill  map  shoes  a  predominance  of  iso- 
plcths  which  show  poor  reliability.  Tils  is  due  to  the  difficulty  in  ob¬ 
taining  satisfactory  wind  drta  in  suitable  quantities  for  Canadian  stations. 

fort  Oreely  analogy  extends  southward  to  the  south  end  of  Lake 
Winnipeg  in  Manitoba.  The  southern  limit  of  fort  Churchill  analogy  agrees 
roughly  with  the  northern  tree  line  acmes  the  mainland. 


He  an  Cloudiness.  Coldest  Month 


fort  Churchill  A. 7  teethe  of  sky  cover  (January) 
fort  Oreely  5-5  tenths  of  sky  cover  (January) 


During  the  coldest  months,  cloudiness  is  greatest  in  the  maritime 
areas,  particularly  over  the  Pacific  coast  and  the  Oolf  of  St.  Lawrence . 
Inland,  cloudiness  la  less,  especially  la  the  north-central  area  of  great¬ 
est  cold.  Widespread  areas  are  analogous  to  fort  Oreely;  smaller  areas 
era  analogous  to  less  cloudy  fo.-t  Churchill.  Except  for  a  small  area  in 
eastern  Maine,  the  northern  Kilted  States  is  too  cloudy  to  be  analogous  to 
fort  Churchill. 
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Cnmulajid  presents  a  different  picture.  Inland  frt m  the  coMt,  cloud* 
incss  decrease;,  rather  sharply  to  leas  titan  Fort  Churchill  analogy.  Still 
farther  inland,  according  to  the  brief  records  available,  cloudiness  in* 
creeses  over  the  high  interior  of  the  icecap  to  values  greet  enough  for 
close  analogy  with  For..  Grcely. 

f .  Keen  Snov  forth.  Month  of  Cgoutggt  *  Perth  (Fir,.  R) 

Tort  Churchill  23.1  inches  (March) 

Fort  Crecly  17.0  inches  (February) 

Snow  depth  is  so  dependent  upon  a  nusiber  of  other  clinatic  elements 
that  its  distribution  is  hignly  varied.  Msun  depths  for  the  month  of  max¬ 
imum  accumulation  range  from  none  along  p*rts  of  the  Oregon-Wnshingtoa 
coast  to  more  than  10  feet  in  the  Cascade  Mountains  a  hundred  miles  to  the 
east.  Exc-pt  for  high  elevations,  only  two  areas  record  notably  deep  snot 
cover  exceeding  the  limit  of  Fort  Churchill  analogy  (!.«.,  more  than  30 
inches).  One  is  located  in  central  Ontario  and  the  other  includes  all  of 
labrador,  most  of  Quebec  nortn  of  the  50th  parallel,  and  the  mountains  rf 
eastern  Baffin  land.  * 

Fort  Churchill  analogy  occurs  lu  most  mountainous  regions,  except  at 
the  highest  elevations,  and  ulong  the  southern  coast  of  Greenland.  It  also 
appears  in  two  wicuu pi'eail  ..re u-  over  the  interior  of  the  continent.  One  of 
these  reaches  from  interior  Alaska  to  Great  Bear  and  Great’  Slave  Lakes. 

The  other  area  stretches  from  the  inland  side  of  Great  Slave  lake  aouth  and 
east  to  tho  Appalachians  and  the  Oulf  of  St.  inwrence,  skirting  lake  Huron 
end  encompassing  Hudson  Bey. 

.  As  c  mic,  mem.  cn  ;v  .Uplhs  grow  shullcrw>;r  on  ull  sides  of  areas  which 
rre  analogous  to  Fort  Churchill.  Those  peripheral  cones  ora  analogous  to 
Fort  (lively. 

In  Greenland,  precipitation  patterns  over  the  interior  are  little  known. 
It  might  bo  presumed  that  snowfall  would  he  relatively  light  on  the  interior 
icecap'  because  of  persistent  low  temperatures.  Seasonal  snow  accumulations 
is  this  csss  should  b“  e«rr»Bp'’"dtn»'!y  small,  as  indicated  on  the  map.  How¬ 
ever,  evidence  from  snov  strata  ncasuromsnts  made  in  tho  central  icecap;  (26) 
tndlcates  that  snowfall  there  may  be  greater  than  shown  on  Figure  which  is 
eased  upon  atsndard  observations.  If  this  is  true,  the  actual  area  of  snow 
depth  analogy  on  central  Greenland  nay  resemble  the  pattern  of  cloudiness 
analogy  shown  on  Figure  7  (l.e.,  udditional  areas  of  analogy  on  tho  high 
interior  of  the  icecap).  IUH  information  would  also  modify  Figures  9  and 
13. 

g-  Mean  Snowf all.  Month  of  greatest  Snowfall  (Fig.  9) 

Fort  Churculll  10.3  inches  (November) 

Fort  Oreely  7-0  inches  (January) 


Tort  Churchill  and  Fort  Creely  hive  cnly  moderate  mean  snowfall  even 
during  the  snowiest  montht.  Analogous  conditions  prevail  In  most  of  the 
lowlAnd  and  high  prairie  country  ol'  western  Canada  and  eastern  Alaska,  as 
well  aa  littorals  In  most  of  Greenland,  western  Alosxa,  ard  British 
Columbia.  On  the  other  hand,  mist  of  eastern  Canada,  the  Bocky  .Mountain*, 
and  the  western  Interior  of  Alaska  have  substantially  heavier  snowfall 
than  either  Part  Creely  or  fort  Churchill. 

Much  of  north-central  Canada  has  relatively  light  snowfall  and  io 
analogous  to  Fort  Creely  but  not  to  the  slightly  snowier  Fort  Churchill. 
Relatively  light  snowfall  Is  also  characteristic  of  parts  of  the  aeral- 
arld  western  C-eat  Plains  and  lnLcrmontane  plateaus  of  the  United  States 
and  Canada. 

It  Is  difficult  to  generalise  about  Greenland  because  or  the  scar¬ 
city  of  data.  (See  closing  paragraph,  subsection  "f."  above) 

h.  Keen  Temperature,  Warmest  Month  (Fig*  10) 


Fort  Churchill 
Fort  Creely 


51*  *F  (July) 
59 ’F  (July) 


Mean  temperatures  for  the  warmest  month  range  from  over  75*F  in 
northern  United  States  to  below  10*F  In  central  Greenland.  The  warmest 
month  Is  generally  July  In  Interior  and  far  northern  areas,  and  August 
near  the  coasts  south  of  (O *  Worth  latitude.  Also,  a  broad  salient  ex¬ 
tending  west  of  Hudson  Boy  to  Great  Slave  Lake  Is  warmest  In  August. 

Mean  warmest  month  temperatures  analogous  to  those  of  Fort  Creely 
occur  In  a  broad  belt  across  Alaska  and  Canada  and  In  the  British  Isles, 
mostly  north  of  the  l»5th  parallel.  The  area  of  Fort  Churchill  analogy 
lies  north  of  the  50th  parallel  except  at  high  elevations  and  In  limited 
coastal  areas,  where  It  extends  farther  south.  It  Is  limited  on  the  north 
by  cold  coasts  from  the  Bering  Strait  In  Alaska  to  the  Hudson  Strait  In 
Quebec  and  labrador.  Hone  of  the  Arctic  Archipelago  Is  warm  enough  for 
analogy. 

Most  of  Iceland  and  the  h"ud3  of  fiords  In  southwest  Greenland  are 
analogous  to  Fort  Churchill  alone.  Ihe  Icecaps  and  north  coaots  of  the 
►wo  Islands  are  ton  cold  for  analogy. 


Mean  Dally  Maximum  ' 

FOrt  Churchill 
Fort  Creely  69 


°P  (July) 
*F  (July) 


This  map  presents  essentially  the  same  picture  as  the  r.aan  warmest 
month  temperature  map  (Fig.  10),  except  that  the  southern  limits  do  not 
extend  as  far  south.  The  x>«t  striking  departure  from  Figure  10  Is  the 
presence  of  an  area  too  1  >m  for  analogy  to  either  test  site.  This  area 
extends  from  the  Central  lowlands  of  the  United  States  to  the  Mackenzie 
Valley  on  the  Northw-et  Territories. 
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In  contrast  to  north  America,  a  greater  area  of  the  Brltlah  ZeXea  la 
analogous  to  70 rt  Churchill  la  aeaa  dally  mavlw  than  la  mean  tM^erature 
during  the  waneeat  aonth. 

J.  Absolute  Maximum  Tesperature 


Ttort  Churchill  96*7  (July) 
Tort  Oreely  90*7  (May) 


Mo  map  baa  been  prepared  for  abeolute  maxima  becauaa  theae  tnapera- 
turea  are  not  conaldered  to  be  critical  la  evaluating  arctic  and  aubarctlc 
environment*.  Table  VI  coataina  aaleetad  data  for  thia  element. 

Morthveat  and  central  part*  of  the  Arctic  Archipelago  aad  the  aouth- 
eaat  coaat  of  Baffin  la  land  report  aaxlnua  temperature*  below  60*7.  Inte¬ 
rior  Aleak*  near  the  Yukon  border,  on  the  other  hand,  haa  reglatered  100*7, 
aad  teegierature*  above  120*7  have  been  recorded  la  central  North  Dakota. 

A  10-dagree  range  of  cloae  analogy  for  Tor*  Churchill,  91*  to  101*7, 
Include*  most  of  the  Canadian  Maritime  Provinces  aad  New  tngiand,  moat  of 
Quebec,  Ontario,  Manitoba,  northern  Saskatchewan,  Yukon  Territory,  central 
Alaaka,  and  Brltlah  Coluablu.  tt*  Interior  plateau*  of  Brltlah  Columbia 
have  absolute  maxima  too  hot  for  Tort  Churchill  analogy. 

Tort  Oreely  analogy,  85*  to  95*7,  overlap*  the  7br+  Churchill  range 
and  extends  farther  coaatward  everywhere  and  up  Into  the  mountain*  In  the 
higher  range*  of  Alaaka  and  the  Yukon  Territory. 

Records  for  the  Interior  of  th*  Oreealand  Icecap  Indicate  that  maximum 
temperatures  seldom,  If  ever,  rise  above  the  fronting  point,  but  In  coastal 
Greenland  they  range  between  50*  aad  75*7  even  on  the  northern  littoral. 

k.  Mean  Cloud Ineee,  Warmeet  Month  (Tig.  12) 

Tort  Churchill  6.U  tenth*  of  sky  cover  (July) 

70 rt  Greely  6.k  tenth*  of  sky  cover  (July) 

Thia  map  is  unique  lu  U«  In  that  the  clouiis*«e  values  and 

range*  of  analogy  for  both  sites  era  identical;  therefore,  analogy  la  shown 
by  the  green  tint  Indicating  ICO  percent  overlap.  Cloudiest  skies  In  sum- 
aer  are  found  over  tbs  Aleutian  Island*,  the  Arctic  Archipelago  westward 
along  the  cold  roast*  to  the  Bering  Sea,  the  coasts  north  and  east  of  th* 
Oulf  of  Alaaka,  central  Quebec  and  Labrador,  and  Interior  high  valleys  of 
central  British  Columbia.  Least  aky  cover  occur*  over  interior  Unit  ad 
States,  th*  southern  part  of  the  Prairie  Provinces,  and  Interior  lowland* 
from  Alberta  to  the  Yukon  Valley  In  Alaska. 
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The  area  of  analogy  stretches,  with  few  exceptions,  from  coast  to 
coast  end  north-south  from  the  Arctic  Ocean  to  northern  United  States. 

The  general  cloudiness  pattern  In  Greenland  for  the  coldest  month, 
as  shown  lr.  Figure  7,  Is  repeated  In  the  warmest  month.  Cloud  cover  de¬ 
creases  rapidly  Inland  from  analogy  on  the  coasts  to  below  analogy  and  In¬ 
creases  again  to  analogous  and  greater  seml-analogous  amounts  over  the 
central  plateau.  The  central  plateau  of  Greenland  and  the  west  coast  of 
Iceland  flail  within  the  analogous  range,  as  do  all  of  the  British  Isles 
except  the  cloudier  parts  of  northern  Scotland  and  western  Ireland. 

1.  Mean  Annual  Precipitation  (Fig,  13) 

Fort  Churchill  14.4  inches 
Fort  Greely  11.4  Inches 

The  lowlands  of  western  Canada  and  central  Alaska,  parts  of  the 
Rockies,  the  Hudson  Bay  •  Baffin  Island  areas,  and  Interior  Iceland  are 
characterized  by  rather  low  precipitation  such  as  occurs  In  Fort  Churchill 
and  FOrt  Greely.  Southeast  Canada,  the  Pacific  coast  and  adjacent  ranges, 
and  the  south  coast  of  Greenland  are  much  wetter  than  the  two  referenced 
stations. 

At  the  other  extreme  are  the  northern  parts  of  Canada,  Alaska,  and 
Greenland,  with  much  less  pre  lpltatlon  than  Fort  Greely  and  Fort 
Churchill. 

Areas  an/'  .ogous  only  to  Ffcrt  Churchill  occupy  the  wetter  margins  of 
analogy  on  tbi  map,  while  those  analogous  only  to  Fort  Greely  occupy  the 
drier  margins. 

Precipitation  In  North  America  Is  commonly  associated  with  cyclonic 
activity.  Maximum  precipitation  falls  In  simmer  throughout  the  northern 
and  central  regions,  from  Interior  Alaska  to  Interior  Greenland,  Including 
both  Fort  Churchill  and  Fort  Greely.  The  maxima  occurs  In  autumn  (usually 
October }aloug  the  Gulf  of  Ala/ka,  Baffin  Bay,  the  8t.  Lawrence  Valley,  and 
east  shore  of  Hudson  Bay.  In  Iceland,  the  British  Isles,  and  southern  and 
northeastern  Greenland,  the  precipitation  maxima  occurs  a  little  later  In 
the  aeaaon,  usually  November.  Vinter  precipitation  maxima  prevail  In  the 
northwest  states,  British  Columbia,  and  the  Canadian  Maritime  provinces, 
but  In  the  east, maxima  occur  about  a  month  later  than  In  the  vest. 

There  la  a  spring  rainfall  maximum  In  a  narrow  belt  of  the  Rocky 
Mountain  foothill#  In  Alberta.  The  Great  Lakes  Region  has  two  peaks  of 
precipitation,  the  first  occurring  In  May  or  June  and  the  second  in  Sep¬ 
tember.  Inland  New  England  and  the  lnteraontane  plateaus  of  western 
Canada  have  a  relatively  even  distribution  of  precipitation  throughout 
the  year. 
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Data  were  unavailable  for  tbs  interior  of  Greenland  (see  doting 
paragraph  subsection  "f.  *  above). 

k.  Humidity 

Mtpt  of  men  dewpoint  tre  not  included  in  this  aerlet  since  dewpoint 
tncptrature* ,  paHlcularly  during  winter,  are  generally  not  Much  lower 
than  dry  bulb  temperatures  throughout  aott  of  the  study  area.  Table  XIII 
shows  swan  relative  humidity  at  selected  stations.  Ho  data  were  available 
for  Port  Oreely.  Fairbanks,  100  alias  west-northwest,  has  been  substituted 
to  provide  an  approximation  of- the  conditions  at  fort  Oreely. 

In  winter,  mean  dewpoint  temperatures  in  most  places  in  the  Arctic  and 
Subarctic  are  about  £  t*>  5F*  belov  the  mean  dry-bulb  temperatures,  the 
difference  is  only  slight  ly  greater  in  the  prairies  of  northern  United 
States.  During  the  wa reeki  month,  dewpoints  average  about  10F*  lower  than 
mean  temperatures  in  continental  locations  and  only  about  2  to  $F*  lover  in 
coastal  areas.  Many  arctic  «nd  subarctic  areas  have  low  absolute  humidity, 
but  very  high  relative  humldir.y  during  the  cold  months  (e.g.,  Fort 
Churchill  and  Aklavlk).  Certain  marine  stations  in  the  northwest  have 
lover  relative  humidity  in  winter  than  in  summer  (e.g.,  Barrow  and  Nome). 
However,  In  lower  latitudes  ther  is  a  tendency  for  relative  humidity  to  be 
higher  In  winter  than  In  summer  (>..<$.,  Vancouver,  B.C.  and  Gander, 
Newfoundland) .  In  extremely  cold  areas  of  the  Arctic  It  Is  not  uncoaiaon 
for  relative  humidity  to  exceed  100  percent,  with  resulting  condensation 
pioduclng  a  diffuse  Ice  fog. 

n.  Mean  Humber  of  Deys  wjv  Fog  (Fig,  lj A) 

Fort  .Churchill  13  days  per  annum 
Fort  Oreely  8  days  per  annum 

Figure  1’ A  and  Table  XIV  shew  mean  f,**qu»ncy  of  days  with  fog  wherein 
visibility  Is  restricted  to  about  one  mil-*  or  i  ;sa.  Data  for  only  dense 
tog  (visibility  l/l»  mile  or  less)  were  av>  ’.able  for  mat  stations  In  the 
United  States  and  certain  Interior  station:  in  Alaska,  A  comparison  vlth 
nearby  stations  in  similar  situations  indicaie*  the'  the  total  frequency 
of  occurrence  of  fog  for  these  Alaskan  stations  woulu  not  be  appreciably 
different  from  that  for  dense  fog  alone,  so  the  data  ar,»  imdl  f  f  1*  ted 

on  tne  nap.  In  the  United  States,  comparison  of  data  did  not  indicate  a 
similar  relationship,  snd  fog  vss  therefore  not  wh.pj.-yd  tor  the  United 
States. 

Radiation  fogs  resulting  from  radiative  cooling  near  the  ground  are 
the  most  widespread  type  In  tbe  study  area..  Such  tj$t  occur  most  fre¬ 
quently  at  temperatures  of  -UO‘f  or  colder,  in  the  it  r«  of  ice  fogs.  This 
phenomenon  Is  rather  common  during  cold  months  in  the  Arctic.  Ice  tog  and 
accompanying  smoke  fog  from  motor  exhaust  often  obsc-  -re  the  immediate 
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vicinity  of  landing  field*  for  Severn!  hour*  following  a  few  auccesaive 
aircraft  landing*  or  take-off*.  Ice  fcg  .'or  the  month  of  maximum  occur¬ 
rence  (Pebruary)  average*  lCfi  hc^rs  at  t ort  Churchill  while  at  Port  Oreely 
the  maximum  monthly  average  la  about  57  hour*  in  January. 

Sumer  ia  she  *ea*on  of  greatest  fog  frequency  along  most  arctic  and 
subarctic  coasts  free  Alaska  to  Iceland  and  as  far  south  as  the  Queen 
Charlotte  Islands  on  the  Faciflc  Coast  and  So va  Scotia  on  the  Atlantic 
Coast.  However,  along  the  poleward  shores  of  the  Arctic  Archlpelsgo  from 
a  point  east  cf  Eerschel  Island,  1'ukcr,  to  corsherr.  Qreenlsnd,  autumn  ia 
the  season  with  the  greatest  mean  rusher  cf  daye  with  fog.  Sumer  la  the 
foggiest  season  along  the  eastern  flanks  of  the  Alberta  Hookies,  in  the 
Great  Lakes  Region,  and  on  the  southern  coasts  of  ths  British  Isles. 

throughout  a  broad  inlsnd  area  from  the  Tarana  Valley  and  Brooke 
Range  of  Alaska  south  to  Oregon  and  southeast  along  the  eargio  of  the 
Canadian  Shield  to  tne  -St.  Lawrence  Valley,  fog  is  most  frequent  in  autumn. 
Autumn  is  also  foggiest  on  the  icecap  In  southern  Greenland  and  the  high¬ 
lands  of  Iceland.  Vinter  is  the  foggiest  season  m  most  of  the  centred 
Alaskan  and  Yukon  volleys  and  plateau  country,  high  plains  and  plateaus  of 
British  Cclurala,  the  Rroirle  Irtvinc-s,  northern  Plain*  States,  the  upper 
St.  Lawrence  and  Ottawa  River  ha»lnJ,  car teal  Oreenlsni,  and  most  of  the 
British  Isles. 

Localities  .ith  vj-irg  log  'er. <.&>  are  Wy  extensive  and  less  numer¬ 
ous.  Hotable  among  tie**  nss'Ce.*  areas  *.r*  the  *Oxe  baelr,  northern 
Ontario,  ca"trnl  Quebec,  nnuCwrn  choree  of  the  Outf  of  St.  Lawrence,  and 
parts  of  the  north  and  east  coasts  cf  Cr*enland. 

The  nep  shove  area*  having  very  high  ard  very  low  fog  frequency. 

Those  with  very  nigh  fog  occurrence  (60  dsya  or  more  per  year)  are  likely 
to  fall  in  one  cf  three  classification*.  Tie  most  widespread  of  these  is 
the  high  elevation  type  where  the  roraal  cloud  cover  is  frequently  low 
enough  to  ob«cure  th*  *■  i-jed  >.n .  Highest  parts  of  the  western  ranges,  the 
Baffin  highlands,  and  high  icecaps  cf  5a.lew.tere  Island,  Greenland,  and 
Iceland  belong  to  this  cet-gory. 

The  t*eond  type  occurs  mainly  lr  scatter*;}  coastal  situation*  where 
summer  sea  fog*  oredomlwit*.  Potable  exuiples  of  this  type  are  found  in 
northern  and  western  Alaska,  east  Gr.vrlend,  end  parte  of  the  Canadian 
Maritime  Provinces. 

The  third  type  of  locality  having  frequent  fog  is  found  in  the  vicin¬ 
ity  of  major  settleoeut*  in  very  cold  a -nos  where  combustion  of  large 
quantities  of  fuel  in  wintsr  produce*  numerous  condensation  nuclei.  Ibis 
condition  account*  for  relatively  frequent  ice  fogs  around  a  townslte, 
although  a  few  miles  away  a  vary  low  fog  frequency  may  prevail. 


Areas  of  very  lav  annual  fog  Incidence  are  found  at  relatively  low 
elevations  in  interior  locations.  !fce  interior  valleys  of  Alaska,  the 
valleys,  plains,  and  lov  shield  country  of  central  Canada,  heads  of 
fiords  In  Greenland,  and  north  and  vest  coasts  of  Scotland  and  Ireland 
have  less  than  10  days  of  fog  per  year.  Fort  Greely,  vlth  6  days,  falls 
within  this  frequency  range  and  Fort  Churchill,  vlth  13  days.  Is  only 
slightly  foggier. 

5*  Analysis  of  composite  maps 

Figures  It  through  16  synthesise  several  of  the  foregoing  saps  to 
show  analogous  areas  of  coincidence  among  multiple  climatic  elements. 
Temperatures  were  closer,  to  serve  for  the  basic  tones  of  analogy.  These 
tones  vere  called:  (a)  "vlnter  temperature  analogy",  the  areal  coinci¬ 
dence  of  mean  and  n-an  dally  minimum  temperatures  for  the  coldest  month, 
and  (b)  'summer  temperature  analogy ",  the  areal  coincidence  of  mean  and 
mean  dally  maximum  temperatures  for  the  warmest  month.  Over  +h-se  basic 
analogous  tones  vere  superimposed  analogous  areas  of  additional  itress 
elements  (l.e.,  micv  depth,  vlndchlll,  and  precipitation)  In  various 
combinations.  Certain  lines  vere  generalised. 

a.  Composite  Analogous  Areas,  Coldest  Month  (Fig.  14) 

Because  the  ranges  of  coldest  month  temperature .analogy  for  the 
two  test  eltes  do  not  overlap.  It  vas  possible  to  drav  the  coldest  month 
composite  for  both  sites  on  the  same  map.  Areas  of  analogous  snow  depth 
and  vlndchlll  vere  placed  over  the  winter  temperature  analogy  for  both 
Fort  Oreely  and  Port  Churchill,  bellow  indicates  Fort  Greely  and  blue 
Indicates  F0»-i  Church SU  temperature  analogy,  vlth  black  line  patterns 
designating  snov  depth  and  vlndchlll  analogy  for  both  sites. 

Zones  that  are  completely  analogous  (vith  respect  to  temperature, 
snov  depth,  and  vlndchlll)  to  the  respective  test  sites  are  small  and 
widely  dispersed.  For  Fort  Churchill,  the  most  extensive  area  la  in  the 
vicinity  of  the  site  itself,  or.  both  sldut  cf  Hudson  Bay.  Other  patches 
at  the  entrance  to  Foxe  lot  in,  east  of  Coppermine,  and  on  the  southern 
Greenland  lc»cap,  are  less  u-i'.itvu,  iWe  they  do  not  include 

stations  for  corroboratior. 

Complete  analogy  for  Frrt  G*«»iy  is  narrovly  confined  to  the  Imme¬ 
diate  vicinity  of  Fort  Cre-ly ,  r.ort'- western  Alaska,  the  south  end  of  Lake 
Winnipeg,  and  scattered  patches  be  rd.-r i ;.u  the  Icecap  of  southern 
Greenland.  Tbe  combination  of  temperature  and  snov  depth  analogy  is  most 
widespread  in  the  western  half  of  the  continent;  coincidence  of  tempera¬ 
ture  and  vlndchlll  analogies  is  more  common  in  the  east. 
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b. 


Composite  Analogous  Area? ,  Fort  Greely  (Fig.  15) 


Seasonal  and  year-round  analogies  are  shown  In  Figure  15- 
Areas  of  analogous  winter  and  summer  temperatures  are  represented  in  blue 
and  yellow  diagonal  lines  respectively.  Overlaps  of  the  two  give  the  ap¬ 
pearance  of  a  green  pattern.  Areas  of  analogous  mean  annual  precipitation 
are  shown  by  black  stipple  pattern,  only  where  analogous  temperatures 
occur. 

Combined  analogy  (vlnter  and  summer  temperatures  and  precipitation) 
for  Port  Greely  occurs  In  three  areas:  (1)  adjLeent  to  Fort  Greely  along 
the  north  flank  of  the  Alaska  Range  and  southward  through  Broad  Pass  Into 
the  Gulkana  Basin,  (2)  a  small  patch  straddling  the  lower  Yukon  River 
south  of  Its  confluence  with  the  Koyakuk,  and  (3)  the  largest  of  the 
three  areas,  southern  Yukon  Territory. 

The  most  widespread  area  of  temperature-precipitation  analogy  occurs 
In  summer.  It  Includes  central  Alaska  and  most  of  the  Yukon  Territory 
stretching  southeastward  in  a  broad  band  through  the  larger  Canadian  lakes 
to  Hudson  Bay  and  northern  Ontario.  Other  Isolated  spots  are  found  prima¬ 
rily  In  high  valleys  from  Alaska's  Gulkana  Basin  to  the  state  of  Wyoming. 

Combined  winter  and  summer  temperature  analogy  appears  In  parts  of 
lowland  Alaska,  plateau  valleys  of  northern  British  Columbia  and  southern 
Yukon,  scattered  Canadian  prairie  locatiors  near  lakes,  and  In  a  sizable 
portion  of  the  Laurcntlan  Upland  stretching  from  central  Ontario  to  south¬ 
ern  labrador. 

Analogous  areas  of  precipitation  in  combination  with  winter  tempera¬ 
tures  occur  In  widely-dispersed,  small  spots  from  Alaska  to  the  Greenland 
Icecap. 


e.  Composite  Analogous  Areas,  Fort  Churchill  (Fig.  16) 

This  map  waa  prepared  In  the  same  mann»r  as  Figure  15.  Combined 
winter  and  summer  temperature  and  precipitation  analogy  for  Ft>rt  Churchill 
occurs  in  only  three  locations.  The  principal  area  extends  east  from 
northern  Saskatchewan  to  include  the  west  shine  of  Hudson  Bay  fi-uiii  usues 
Bay  nearly  to  Chesterfield  Inlet.  The  other  locations  (but  with  no  veri¬ 
fying  stations)  are  the  central  Ungava  Peninsula  of  northern  Quebec,  and 
the  lowland  Just  west  of  Great  Bear  lake. 

Summer  temperature:  and  precipitation  are  Jointly  analogous  In  the 
interior  plateau  valleys  of  northern  British  Columbia  and  southern  Yukon, 
the  western  lowlands  of  Alaska,  and  other  scattered  small  areas. 

Analogy  of  combined  winter  temperatures  and  precipitation  occurs  In 
a  narrow  strip  from  central  Yukon  to  northern  Manitoba  and  along  the 
northeast  shores  of  Hudson  Bay  and  southeastern  Biffin  Island. 
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Comblnvu  ivngr  tad  winter  temperature-  are  analogous  la  part*  of 
the  Brooke  Range  of  Alaska,  la  a  broad  swath  stretching  from  the 
Mackensle  Delta  along  the  eastern  shores  of  the  larger  lakes  of  the 
Shield  margin  to  northern  Saskatchewan  sad  In  a  large  part  of  the 
Laurentlan  Upland  of  north-central  Quebec. 

6.  Babies  of  monthly  climatic  values  for  selected  stations 

Table  I  Is  a  list  of  stations  with  elevations  and  map  coordinates 
for  which  climatic  data  are  presented  In  the  subsequent  tables. 

Tables  II  through  XIII  show  mean  values  of  climatic  elements  for 
all  months  for  forty  of  the  stations  selected  from  Table  I  to  Illustrate 
comparative  climatic  regimes  among  representative  parts  of  the  study 
area.  These  elements  are  the  same  as  used  in  the  map  series  with  the 
addition  of  Table  VI,  Absolute  Maximum  Temperature  and  Table  XIII,  Mean 
Relative  Hualdlty. 

Table.  XIV  is  a  frequency  table  shoving  Mean  Humber  of  Days  with 
fog.  Some  stations  (as  Indicated)  show  only  dense  fog,  although  most 
figures  represent  fog*  of  all  densities  affording  lees  than  about  1  milt 
borltontal  surface  vielblllty 

While  the  maps  were  prepared  ou  a  seasonal  basis  for  warmest  dr 
coldest  months  (except  fig.  13  and  Tig.  ly)  the  tables  provide  informa¬ 
tion  for  maklug  year-round  reg.tomal  comparisons. 

7.  hinltf.tlcnfl  cf  ms*i:o<U 

lire  following  limiting  factors  cuy  affect'  the  reliability  of  the 
accompanying  maps. 

(a)  Many  ’parts  of  the  study  arts  have  few  or  no  climatic  sta¬ 

tions.  Tt-ere  ars  practically  ni  representative  data  for  most  tones  of 
high  elevation,  such  as  the  Alao’tan  aed  wereem  Cordllleran  ranges  and 
the  leecerr*d  of  Island.  0c f fin  Island,  and  Iceland. 

(b)  Many  far  northern  stations  have  very  short  periods  of 
record,  many  obtained  to  >0  y«ar<i  ago  It  vss  not  possible  to  obtain 
data  from  comparable  periods  of  record  m  every  case. 

(c)  Tbs  nap  analyses  ueicasitated  bread  comparisons  between 
large,  dlveree  areas  and  two  localized  climatic  stations. 

(d)  Times  and  frequencies  of  dally  meteorological  obeerva- 
tlone  vary  from  one  locality  or  political  unit  to  another. 

(e)  Station  exposure  and  elevation  are  not  alvays  represent¬ 
ative  of  very  large  surrounding  areas  for  which  inferences  had  to  be 
made. 
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Table  X:  LOCATION  ASP  EIEVATIOM  OF  STATIONS 


Country 

(Area) 

Ciimatlc 

Station 

Elevation 
( feet) 

Lat. 

CT 

(R) 

I TL_ 

r 

fl 

Alaska 

Barrov 

22 

71 

IF" 

156 

4 J 

Bethel 

10 

60 

i*7 

161 

43 

Dutch  Harbor 

72 

53 

53 

166 

32 

Fairbanks 

440 

64 

51 

147 

43 

TOFT  GREELY 

1,27* 

61* 

00 

145 

41* 

Juneau 

72 

58 

18 

134 

24 

Kodiak 

21 

57 

1*5 

152 

31 

Nome 

13 

61* 

*> 

-183 

26 

British  Isles  London  (Kev),  England 

i5 

51 

26 

0 

19 

Stomovay,  Hebrides 

79 

P3 

11 

6 

21 

Canada 

Calgary,  Alta. 

3, 5^ 

51 

02 

Ii4 

01 

(Western 

Bnbarras,  Alta. 

775 

58 

12 

ill 

23 

Provinces) 

FORT  CHUKCHI IX,  MAM. 

115 

58 

47 

94 

17 

Fort  Vemlllo.i,  Alta. 

950 

58 

23 

116 

03 

Keg  River,  Alta. 

1,1*02 

57 

47 

117 

50 

Prince  George,  B.  C. 

2,218 

53 

54 

122 

40 

The  Pas,  Man. 

890 

53 

49 

101 

15 

Vancouver,  B.  C. 

1*5 

4? 

17 

123 

05 

(Eastern 

Charlottetown,  P.  ll.  I. 

186 

VT 

63 

07 

Provinces) 

Gander,  Rl'ld.. 
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Figure  7>  Mean  Cloudlnen,  Coldect  Month 

Figure  8.  Mean  Snow  Depth,  Month  of  Oreateat  Depth 

Figure  9*  Mean  Snowfall,  Month  of  Oreateat  Snowfall 

Figure  10.  Mean  Temperature,  Wanaeat  Month 

Figure  11.  Mean  Dally  Maxima  Temperature,  Wanaeat  Month 

Figure  12.  Mean  Cloudlneaa,  Wanaeat  Month 

Figure  13.  Mean  Annual  Precipitation 

Figure  13A.  Mean  Number  of  Day*  with  Fog 

Figure  lb.  Compoalte  Analogoua  Area*,  Coldeat  Month 

Figure  1$.  Compoalte  Analogoua  Area*,  Fort  Greely 

Figure  16.  Compoalte  Analogoua  Area*,  Fort  cnurchiil 
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fig.  X  Bell  Island  (off  Hewfoundland)  ehould  read:  Belle  lele 
Skwenta  (eouthern  Alaska)  ehould  read:  Skventna 

Fig.  2  Koskokvij*  Upland  (central  Alaska)  ehould  read:  Kuskokwln  Upland 

Fig.  3  Tree  Jtoint  (Alaekan  Panhandle)  •  miaelng  value  le:  35J 

Barter  Ieland  (Alaekan  north  coaet)  -  value  ehould  be:  -27? 

Fig.  4  Lake  Iculae  (Alberta)  •  value  ehould  be:  -S 

Fig.  5  In  area  of  Amundsen  Gulf  (ecutheaet  of  the  Beaufort  Sea)  coastal 
area  north  of  the  -32*  Isotherm  ehould  be  devoid  of  blue 
tint. 

Fig.  10  In  Siberia  the  blue  tint  anould  *xtend  eoutbvard  to  Include 
entire  land  area  south  of  64*  h.  latitude. 

Fig.  13  Br^nlunds fjord  (Greenland  north  ccaet)  -  etatlon  missing  and 
value  le  2.3 


Fig.  13A  Queenel  (central  British  Columbia  vlthln  Island  of  dark  blue 
tint)  ehould  be  connected  by  a  line  to  the  follovlng  data 
printed  on  the  map  northeast  of  that  station  5JA  3g_  and 

tr  133 

the  station  dot  accompanying  data  ehould  be  removed 


Jan  Hayar.  (island  Ir.  Greenland  Sea)  -  station  missing  and  data 
are  3H*  •  ?8 
10A  13J 


Wiseman  (central  Alaska)  -  data  should  read  1JA  .  16 

1J  33 

Eagle  (eastern  Alaekan  boundary)  -  mean  annual  days  ehould  be  6 
Yskutnt  { ST-— -  coiet  Of  »!••?•)  -  wnnth  dave  should  be  1JA 

Taku  Pass  (near  Jur.eau)  -  coldest  month  days  should  be«lJA 
Dawson  (lukon)  •  coldest  month  days  should  be  3JA 
Teslln  ^southern  lukon)  •  warms* t.  tooth  days  ehould  be  1J 
Port  Roman  (Mackenzie  District,  Canada)  -  coldest  month  ehould 
be  January  (JA) 

Eureka  (Ellesmere  Island,  Arctic  Archipelago)  -  warmest  month 
days  should  be  <U 

Eord  (north  coast  Greenland)  -  coldest  north  should  be  March  (MA) 
Prlne  Christians  Sund  (south  coast  Greenland)  -  coldest  month  dsys 
should  be  «1F 

Oodhavn  (Dlsko  Island,  vest  Greenland)  -  warrest  month  days  should 
be  17J 

Tynemouth  (east  coast,  England)  •  foggiest  month  should  be 
Janus ry  (JA) 
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